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(57)Abstract: 

PURPOSE: To secure the wear resistance of a cylinder liner 
and the heat radiation characteristic of an engine by forming the 
structure, in the vicinity of the top dead center, of an Al— Si 
alloy cylinder liner of a cylinder block made of Al alloy into a 
remelting-treated specific structure. 

CONSTITUTION: A cylinder liner made of Al— Si alloy is disposed 
to the main body of a cylinder block made of Al alloy. 
Subsequently, the part in the vicinity of a contacting part of the 
top dead center and, if necessary, the bottom dead center of 
the cylinder liner with a piston ring is irradiated with high density 
energy, such as electron beam, to undergo remelting treatment. 
By this treatment, the cylinder liner and the cylinder block main 
body can be joined by melting with superior adhesion, and the 
part, in the vicinity of the top dead center, of the cylinder liner 
can be formed into a remelting-treated structure satisfying the 
relationships in 0.5<x<9, 70<y<1 10, and y<-5x+1 15 when xjum 
and yHv are the average grain size of primary-crystal Si and the 
hardness of matrix, respectively. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The cylinder block made from an aluminium alloy characterized by being 0.5<=x<=9, 
70<=y<=1 10, and the organization that fills the relation of y<=-5x+1 15, and where RIMERUTO processing 
was carried out when near the top dead center of this cylinder liner sets mean particle diameter of 
primary phase silicon to x (micrometer) and sets matrix hardness to y (Hv) in the cylinder block made 
from an aluminium alloy which arranged the cylinder liner made from an aluminum-silicon system alloy. 
[Claim 2] The cylinder block made from an aluminium alloy which is the organization where RIMERUTO 
processing of near the top dead center of this cylinder liner was carried out in the cylinder block made 
from an aluminium alloy which arranged the cylinder liner made from an aluminum-silicon system alloy, 
and is characterized by carrying out melting association to a cylinder block. 

[Claim 3] The manufacture approach of the cylinder block which arranges the cylinder liner made from 
an aluminum-silicon system alloy in the cylinder block body made from an aluminium alloy, irradiates high 
density energy near the top dead center of this cylinder liner, and is characterized by carrying out 
melting association of a cylinder liner and the cylinder block body while carrying out RIMERUTO 
processing. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is concerned with the cylinder block made from an aluminium alloy 
equipped with the cylinder liner made from an aluminum-silicon system alloy excellent in abrasion 
resistance, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Because of lightweight-izing of an automobile, an aluminum (hereafter 
referred to as aluminum.) alloy is conventionally used as an engine cylinder block, and a cast-iron quality 
cylinder liner is ****** rare ****** from a viewpoint of abrasion resistance [ inner skin / the ]. 
However, since there was a special feature that weight is large and also thermal conductivity was bad 
inferior to adhesion with the cylinder block made from aluminum alloy, the cast-iron quality cylinder liner 
had the special feature that heat dissipation nature is bad. Recently, the cylinder liner made from 
aluminum alloy which whenever [ liner wall-temperature ] went up by the rise of the combustion 
chamber temperature especially accompanying an engine high increase in power, and the fault of 
degradation of abnormal combustion or lubrication oil came to appear, therefore was more excellent in a 
light weight and heat dissipation nature was developed. 

[0003] Conventionally well-known aluminum alloy for cylinder liners is a hypereutectic aluminum-silicon 
(hereafter referred to as Si.) system alloy like A390 (refer to Table 1), and in order that it may carry out 
distributed content of the primary phase Si particle of a high degree of hardness into a matrix so much, 
it is an alloy excellent in abrasion resistance. Since it is good and thermal conductivity becomes 
[ thermal expansion ] equivalent to a block body while a cylinder block is further lightweight-ized by 
making a cylinder liner into the product made from an aluminum-Si system alloy, engine heat dissipation 
nature can improve, and path clearance with a piston can be set up narrowly, and an oil consumption 
can also be pressed down. 
[0004] 



[Table i; 
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4-0 
5.0 


0.5 
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SO. 5 


^0.2 
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[0005] thus, although the product made from an aluminum-Si system alloy, then effectiveness are large 
in a cylinder liner, it is ******** about the cylinder liner made from an aluminum-Si system alloy — the 
approach of abrasion resistance of forming ** and the cylinder block itself with an aluminum-Si system 
alloy was inadequate compared with the cylinder liner made of cast iron. For example, since a casting 
alloy like A390 has the large solid-liquid coexistence field, even if it performs detailed-ized processing, a 
primary phase Si may crystallize as a big and rough crystal, further, at the time of ********, it softens 
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with heat and abrasion resistance falls to a cylinder block 

[0006] moreover, an aluminum-Si system alloy molten metal — the atomizing method etc. — the end of 
rapidly solidified powder — carrying out — this — between heat — extruding — carrying out — a 
cylinder liner — forming — a cylinder block — the ******** approach — it is (for example, refer to 
JP.52-109415.A and JP,2-84245,A) — a cylinder liner is softened with the heat at the time of an insert 
also in this case, and it is not avoided that abrasion resistance falls. 

[0007] Furthermore, even when a cylinder liner is made into the product made from an aluminum-Si 
system alloy, engine heat dissipation nature may not fully have been improved. When a cylinder block 
and a cylinder liner deform during operation, both adhesion worsens and it becomes impossible that is, 
for the cylinder liner which carried out thinning to secure sufficient heat dissipation nature, since it is 
easy to deform with the stress at the time of an insert and the melting binder course is not formed in 
the interface of a cylinder liner and a cylinder block from the first although it is desirable to make it as 
thin as possible from the field of a cost side, lightweight-izing, and miniaturization of a cylinder crank 
case as for a cylinder liner. Moreover, it cannot be overemphasized that the same problem arises also in 
the cylinder block which presses the cylinder liner made from an aluminum-Si system alloy fit. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention sets it as the 1 st purpose to secure the 
abrasion resistance of the cylinder liner made from an aluminum-Si system alloy arranged in the cylinder 
block made from aluminum alloy in view of the above-mentioned trouble, and sets it as another purpose 
to, secure engine heat dissipation nature in addition. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the cylinder block 
made from aluminum alloy in connection with this invention (claim 1) When the cylinder liner made from 
an aluminum-Si system alloy was arranged, and near the top dead center of this cylinder liner sets mean 
particle diameter of primary phase silicon to x (micrometer) and sets matrix hardness to y (Hv), It is 
characterized by being 0.5<=x<=9, 70<=y<=1 10, and the organization that fills the relation of y<=-5x+1 15 
and where RIMERUTO processing was carried out. In addition, a matrix means parts other than the 
primary phase Si of an aluminum-Si system alloy. 

[0010] Moreover, the cylinder block made from aluminum alloy in connection with this invention (claim 2) 
also arranges the cylinder liner made from an aluminum-Si system alloy, and near the top dead center of 
this cylinder liner is the organization where RIMERUTO processing was carried out, and it is 
characterized by carrying out melting association to a cylinder block. 

[0011] The manufacture approach (claim 3) of the cylinder block made from aluminum alloy in 
connection with this invention arranges the cylinder liner made from an aluminum-Si system alloy in the 
cylinder block body made from aluminum alloy, high density energy is irradiated near the top dead center 
of this cylinder liner, and it is characterized by carrying out melting association of a cylinder liner and 
the cylinder block body while it carries out RIMERUTO processing. 
[0012] 

[Function] Now, in an engine cylinder liner, in the top dead center and near a bottom dead point, an oil 
film is hard to be formed, and larger abrasion resistance is needed especially in near a top dead center. 
[ the peripheral speed of the piston ring (the top, second, oil) which slides on a liner side decreases ] In 
this invention, RIMERUTO processing of near the top dead center of the cylinder liner made from an 
aluminum-Si alloy arranged in the cylinder block made from aluminum alloy is carried out, the primary 
phase Si of this part is made detailed by rapid solidification, and the abrasion resistance near a top dead 
center improves. Of course, RIMERUTO processing of near a bottom dead point can also be carried out 
if needed. In addition, the aluminum-Si alloy used for this invention is called so-called hypereutectic 
aluminum-Si alloy, and contains Si 12 to 20%. 

[0013] In this invention (claim 1), although it is 0.5<=x<=9, 70<=y<=1 10, and the RIMERUTO processing 
organization that fills the relation of y<=-5x+1 1 5 when near the top dead center of the cylinder liner 
made from an aluminum-Si alloy sets mean particle diameter of primary phase silicon to x (micrometer) 
and sets matrix hardness to y (Hv), limiting in this way is based on the following reason. That is, if the 
particle size of a primary phase Si exceeds 9 micrometers, since distribution of Si particle becomes 
sparse to remainder, there is no effectiveness of strengthening of a matrix, wear will increase, a matrix 
will mainly touch partner material rather than Si particle as it is less than 0.5 micrometers, and it will 
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become easy to generate adhesive wear. 

[0014] About a matrix, moderate hardness exists to Si particle size. That is, if soft, Si particle cannot be 
supported by the matrix but it will be easy for a matrix to support the load of direct partner material 
across the above-mentioned range, when hard, for it to be easy to generate adhesive wear, and to 
generate adhesive wear too. 

[0015] In this invention (claim 2), it is the organization where RIMERUTO processing of near the top 
dead center of the cylinder liner made from an aluminum-Si system alloy was carried out, and melting 
association is carried out to the cylinder block. Thus, since melting association of near a top dead 
center is carried out to the cylinder block, heat conduction from near [ severe ] the cylinder liner top 
dead center of thermal conditions to a cylinder block improves, the heat (heat transmitted to a liner side 
from combustion gas or the piston ring) generated in the cylinder upper part radiates heat easily, and 
engine cooling nature improves. Furthermore, a melting bond part leaves also for the role of omission 
prevention of a cylinder liner. 

[0016] Although a RIMERUTO processing organization can be formed also about near a bottom dead 
point, this RIMERUTO layer is carried out among [ thick ] cylinder liners, and does not carry out melting 
association to a cylinder block. That is, it is because the thermal expansion to the lengthwise direction 
of a cylinder liner being permitted, and ******ing to the inside and deforming into it can prevent by 
carrying out melting association of the cylinder liner only near a top dead center. Moreover, as for a 
RIMERUTO processing organization, it is desirable from a wear-resistant viewpoint to have said specific 
Si particle diameter (xmum) and matrix hardness (yHv). 

[0017] The RIMERUTO processing in this invention (claim 3) adjusts the amount of energy and beam 
diameter which use and add high density energy, such as an electron beam, laser, and a TIG arc, and it 
forms a RIMERUTO layer near the piston ring contact section of a bottom dead point if needed [ a top 
dead center and if needed ] for a cylinder liner, controlling the width of face of the layer to fuse, and the 
depth. 
[0018] 

[Example] Next, with reference to drawing 1 - drawing 1 1 , this invention is explained more to a detail. 
[0019] (Example 1) The production process of a cylinder block is shown in drawing 1 . first, the 
continuous casting material of (1) A390 alloy — preparing — (2) — back extrusion forging of this is 
carried out, and (3) cylinder-liner configuration is processed. (4) Next, carry out RIMERUTO processing 
of near the top dead center where the piston ring touches with an electron beam. RIMERUTO 
processing conditions are 6mm in the output of 2kW, passing speed 0.2 m/min, and beam width. By 
changing various this condition, the particle size of the primary phase Si after RIMERUTO processing 
can be adjusted. 

[0020] (5) Carry out cutting of the cylinder liner after RIMERUTO processing, and manufacture an insert 
and a cylinder block with a (6) ADC12(JIS) aluminum alloy. Although a degree of hardness generally goes 
up too much in many cases, the heat at the time of an insert can adjust the matrix of the cylinder liner 
after RIMERUTO processing (elasticity-izing). (7) Finally finish-machine this. 

[0021] In addition, the particle size and matrix hardness of a primary phase Si of the cylinder liner which 
passed through the above-mentioned process are made into within the limits of the slash shown in 
drawing 2 . Here, drawing 2 shows the result of the abrasion resistant test of A390 alloy which has 
various primary phase Si particle size and matrix hardness. In namely, the graph which made the x axis 
mean particle diameter (micrometer) of the primary phase Si of A390 alloy, and made matrix hardness 
(Hv) the y-axis Abrasion loss is investigated, the ratio of A390 alloy when using hard-chrome-plating 
material (750 or more Hv(s)) as planar pressure 0.4MPa, peripheral-speed 0.1 m/s, and partner material 
— a ratio — abrasion loss makes below 2.5x1 0-8mm2/N (abrasion resistance equivalent to the 
conventional cylinder liner made of cast iron) a wear-resistant plots this by the black dot, and 

plots others with a circle [ white ]. 

[0022] As shown here, when it set mean particle diameter of a primary phase Si to x (micrometer) and 
matrix hardness was set to y (Hv), in the case of 0.5<=x<= : 9, 70<=y<=1 10, and y<=-5x+1 15, abrasion 
resistance equivalent to a cast-iron quality cylinder liner was obtained. In addition, the Vickers hardness 
meters used for measurement of matrix hardness are DUH-200 of Shimadzu Corp., load 1gf, 0.72 gf/s, 
and a triangular spindle indenter (1 15 degrees of dihedral angles). 

[0023] Next, the casting plan which adjusts the particle size or matrix hardness of a primary phase Si of 
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a cylinder liner to drawi ng 3 - drawin g 5 in addition to the above-mentioned RIMERUTO conditions is 
illustrated. Drawing 3 forms a RIMERUTO layer shallowly [ it is deep and ] near a bottom dead point near 
a top dead center, near a bottom dead point a cooling rate becomes early, size and near a top dead 
center, a cooling rate becomes [ Si particle size / smallness and matrix hardness ] slow comparatively, 
and size and matrix hardness serve as [ Si particle size ] smallness a little. 

[0024] Drawin g 4 attaches the heating heater 10 in the jig for cylinder liner immobilization, and heats and 
carries out RIMERUTO processing only of the top dead center side, a cooling rate becomes 
comparatively slow near a top dead center, and smallness and matrix hardness serve as [ Si particle 
size / size and matrix hardness / Si particle size ] size smallness and near a bottom dead point a little. 
Drawing 5 forms a hollow 1 1 in the cylinder liner inside, back RIMERUTO processing in which the annular 
solid 1 2 with many Si contents was attached there from the cylinder liner body is performed, the amount 
of Si which deposits near a top dead center increases, and Si particle size serves as size a little as a 
result. 

[0025] (Example 2) Another production process of a cylinder block is shown in drawing 6 . first — the 
continuous casting material of (21) A390 alloy — preparing — (22) — back extrusion forging of this is 
carried out, and as shown in (23) drawin g 7 (a), a slot 30 is formed in the periphery of the cylinder which 
corresponds near a top dead center, and let only the part be thin meat. (24) Next, manufacture an insert 
and a cylinder block for this cylinder liner with an ADC12(JIS) aluminum alloy. 

[0026] (25) Next, carry out RIMERUTO processing of near the top dead center where the piston ring 
touches with an electron beam. It is 6mm in the output of 2kW, passing speed 0.2 m/min, and beam 
width, and near a top dead center is written as thin meat, not only a cylinder liner but some cylinder 
block bodies can be fused easily, and RIMERUTO processing conditions can form, the dilution zone 32, 
i.e., the bond part, which cylinder liner material and cylinder block material mixed with the RIMERUTO 
layer 31 of cylinder liner material as shown in drawing 7 (b). Although near a bottom dead point carries 
out RIMERUTO processing if needed, only the RIMERUTO layer of a cylinder liner is formed in this part. 
(26) Finally finish-machine this. 

[0027] Next, typical cylinder liner configurations other than what was shown in drawing 8 - drawing 1 1 at 
drawing 7 (a) are shown. Here, the thing, drawing 10 , and drawing 1 1 to which drawing 8 and drawing 9 
carried out the thinning of a part of periphery part near a top dead center secure rigidity with a rib 35 
while carrying out the thinning of the whole. 
[0028] 

[Effect of the Invention] According to this invention, the cylinder liner excellent in abrasion resistance 
can be obtained by detailed-izing of a primary phase Si, and rationalization of matrix hardness. 
Moreover, when carrying out melting association of a cylinder liner and the cylinder block at RIMERUTO 
processing and coincidence, engine heat dissipation nature can be raised and omission prevention of a 
cylinder liner can be aimed at. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the production process of the cylinder block in connection with this 
invention. 

[Drawing 2] It is drawing showing a wear-resistant quality with the primary phase Si mean particle 
diameter of A390 alloy, and matrix hardness. 

[ Drawing 3] It is drawing explaining the casting plan which adjusts primary phase Si particle size and 
matrix hardness. 

[Dcaw[ng_43 It is drawing which similarly explains the casting plan which adjusts primary phase Si particle 
size and matrix hardness. 

[Drawing 5] It is drawing which similarly explains the casting plan which adjusts primary phase Si particle 
size and matrix hardness. 

[Drawing 6] It is drawing showing the production process of the cylinder block in connection with this 
invention. 

[Drawing 7] It is drawing (b) which explains signs that a cylinder liner and a cylinder block carry out 
melting association by RIMERUTO processing to be a cylinder liner (a) in connection with this invention. 
[Drawing 8] It is drawing showing the cylinder liner configuration used for RIMERUTO processing. 
[Drawing 9] It is drawing showing the cylinder liner configuration used for RIMERUTO processing 
similarly. 

[Drawin g 10] It is drawing showing the cylinder liner configuration used for RIMERUTO processing 
similarly. 

[Drawing 1 1 ] It is drawing showing the cylinder liner configuration used for RIMERUTO processing 
similarly. 

[Description of Notations] 

10 Heater 

1 1 Hollow 

12 Annular Solid with Many Si Contents 

30 Slot 

31 RIMERUTO Layer of Cylinder Liner Material 

32 Bond Part 
35 Rib 
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